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@ Method for recovering somatotropins from dilute aqueous solution. 

(g) A method for the recovery of somatotropin, in particular a 
fragment of somatotropin, from dilute aqueous solutions 
comprising ««^.ng to the aqueous solution a salt of transition 
metal to form an insoluble complex with the somatotropin. 

The insoluble complex may be separated from the solution, 
by either centnfugation or filtration, and dried by conventional 
methods such as lyophilization or removal of water at low 
temperatures under vacuum. The method results in the 
recovery of a dried bioactive somatotropin. 
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Description 

METHOD OF RECOVERING SOMATOTROPINS FROM DILUTE AQUEOUS SOLUTIONS 



Fie ld of the Invention 

This invention rebates to a process for recovering bioactive proteins from dilute aqueous solutions. I .-lore 
specifically, this invention relates to a process for recovering bioactive somatotropin from aqueous solut-ons 
by the addition of transition metal salts to the solutions. 

Background o f the invention 

Somatotropins, also known as growth hormones, are polypeptide hormones secreted by the pituitary 
glands of many animal species. These hormones are valuable for a number of therapeutic uses, and 
compositions corn-using somatotropins can be administered in the treatment of pituitary deficiency in 
humans and gastrointestinal bleeding or to promote the healing of bone fractures and accelerate the healing of 
contusions and other wounds. Somatotropins also are useful in promoting meat and milk production in 
animals when administered through various drug-releasing devices or by injection. (See E.J. Turman, "Some 
Effects of Pituitary Antenor Growth Factor' Thesis: Purdue University, April, 1953; L.J Machlin J. A n-m. Sci. 35: 
794-300 (1972); T.R. Kasser et al." J. Anim. Sci. 53 420-426 (1981); L.J. Machlin, J. Dairy Sci. 5 3: 575-580 
(1973)). Although somatotropins are somewhat species specific, there iu considerable homology among the 
amino acid sequences of animal somatoropins and these hormones have been shown to exhibit inter-species 
activity. In addition, various active fragments of somatotropins have been discovered. 

Traditionally, somatotropins have been obtained by isolation from excised pituitary tissue. With the advent of 
recombinant DNA technology, it has become possible to obtain somatotropins from genetically engineered 
microorganisms containing recombinant DNA which specifies the production of somatotropin. See, for 
example, European Patent Application 83304574.3 (publication number 0 103 395) to Biogen N.V. Whether the 
somatotropin's source is an.mal or microbial, purification is required to remove contaminants such as other 
proteins, polypeptides, and cellular debris and to provide the protein in its properly folded, bioactive form. The 
somatotropin may be purified using one or more known methods of protein purification including gel 
chromatography, affinity chromatography, ion-exchange chromatography, ultrafiltration, dialysis, precipitation 
with salts such as ammcnium sulfate, extraction from inclusion bodies using guanidine-HCI or sodium dodecy! 
sulfate, and many other known techniques. Examples of some of the various purification techniques for 
somatc tropin may be found in the Kirk-Othmer Encyclopedia of Chemica i Tech nology, 3rd Edition, Volume 1 1 ; 
U.S Patent No. 4,371,462, issued to Hecht; and Hart, et al., Biochem J., 218:573-581 (1984). 

The *esu:t of many of these purification processes is a dilute aqueous solution containing somatotropin. 
Thus, a recovery process is needed to reclaim purified somatotropin from these dilute aqueous solutions. 

Current methods for recovery of matotropin involve freeze-drying a dilute solution of the hormone. However, 
lyophilizatton is a costly process for recovering dried biologically active materials due to the low rate of 
production, the high cost of equipment and the necessity of maintaining very low pressures during sublimation 
of the water substance from the frozen state. Lyophilization is especially cost intensive on a large scale 
because of the large volumes of solution involved. 

A process is needed in the art which is less costly and does not adversely affect the bioactivity of the 
somatotroph. 

An object of the present invention is to provide an inexpensive method of recovering somatotropin from 
aqueous solutions without lessening its bioactivity. 

Another object of the present invention is to provide such a method which would lower equipment costs in 
comparison to equipment costs of conventional recovery methods. 

A further object of the present invention is to provide a method of recovering somatotropin frcm aqueous 
solutions which would lower labor costs in comparison to the cost of labor by conventional recovery methods. 

SUMMAR Y ^THE_ITJVENTION 

In accordance with "the" present invention, there is disclosed a method of recovering somatotropin from 
dilute aqueous soluticns comprising adding to the aqueous solutions salts of transition metals to form 
insoluble complexes with the somatotropin. 

The insoluble comp!e>es may be separated from the solution, as by either centrifugation or filtration, 
followed by drying by either lyophiiization, removal of water at low temperatures under vacuum or by other 
procedures. The method results in the recovery of a dried bioactive somatotropin. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention is directed to a method for recovering somatotropin (hereinafter also referred to as ST) from 
di'ute aqueous soluticns resulting from the purification of somatotropin from a pituitary homogenate or a 
fermentation medium. The method of this invention may be used to recover various types of somatotropins 
from dilute aqueous solutions, including natural or recombinant porcine, bovine, ovine, human, gallinaceous 
fowl, or fish. 

As used nere,n, the tern somatotropin is intended to include the full length natural of recombinant 
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somatotropin as well as derivatives thereof that have ^ 

biologically active fragments of the po y^ep ,d ho monf T h'f 0 " 9 Capabl " :ies - Derivatives include 
somatotropin for use in accordance S S „5 6 ' B ' h ra 9 ments are - in ^ preferred forns of 
construction of bovine somatot op n i;?.^ ' * " fragmen,s induds ^ M 

Biogen European Patent ApSo^^ 

somatotropin, which has an am:no acid sequence corresponding o "haM n, r n deS ' gna,ed Porcine 
seven am,n 0 acids of the mature, full length hornon^ 

Publication No. 0 104 920 to Eiogen N V ) The tern i a t des " lbsd n Etj rc-?ean Patent Application 
polypeptide that comprises an extraneous N t e r m : na I me th io nine" ° " ° f 

beljr. «s a,, oration to a „v,ng 

can enhance the growth rate of a living being when adm J s i Td 9 ,o S bl0l ° K g ' Cal| y ac,lve somatotroph 
amounts. A biologically active somatotropin also can e^n e 'he tee i> 9 ' n . growth-enhancing 
carcass quality of a living being when administer tn ?hot t e«'ciency. nutrient distribution or 

The method of this invention comprises , ^TddiHon of ISVin 9 appr0pna!e ™<*- 

containing the somatotropin. DesXy " e ^ma ot^2 ^sc S T" 3 ' 5 '° 3 d " U,e ^ Ueous soluti ^ 
The salts of the transition metals form inso.ub, c m" e 'es " ° h" s^ZS ^ 
somatotropin out of the dilute aqueous s-lutions Th P rr3LT somatotropin, thus precipitating the 

metal ions such as Zn*\ Cu*+ Co'° Mn" " S + or f^^k 65 C ° mf T !he somat ^o P ,n molecules and 
the metal ion and the nitrogen atoms o" some of Z These Complexes contain ligand bonds between 

FoNowing precipitation of theU^plri^ a 

aqueous medium in the form of a concentrated aaupnnc P/eop.ta e rruy be separated from most of the 

remove the remaining water The rpsultent ^ 

presence of the transition meta n he I oduc"h a b en shTwnThf ° ^T™ ^ C ° mp ' eX The 
bioacvity of the somatotropin when tne prSucTi^nSd ^ Sn^f ^ ^ °" ^ 

^XZ^ - a somatotropin, solutions of * 

contain large amounts of water i ^ 3 ,1, ? somatotropin in a fermentation medium 
example, about 100 grams of wate per aram nf ZlZ somatotropin. Such solutions can contain, for 
recovery methods the entire ^ mount P orw 9 atens subL pHT P 'r T*' aC = 0rdance ^ the conventional 
invention is used and a transS met . is dd" tc he ^ T ^ the meth ° d ° f ,his * 

solution as a somatotropin-transition me -ta. co^^^lZ 'TT** S ° ma,0trOp ' n out of 
easily from the precipitate leavina a cn^ntrTpw?' , 96 V °' Ume of wa,er C2n be separated 

somatotropin in the inS soluZ set for, Sr"' ' * ^ ^ ^ ^ ^ ^ °' ^ t0 
concentrated slurry typical y may bfon ly 5 " o^mll a^^ V^ ^ °' Wa,er '° somatotr op,n in the 
reduced by a factor X twenty fold 9 ' ° f Wa,er ,0 be rsmoved has been 55 

can'C^^ ° f with a transition meta, ion 

invention provides very sibste^ ^ that USed f ° r 'W^ion. The process of the 

operating the drying process * P ° f equ,pmen « and buildings as well as in labor for 

*JSES£ C^ZSl z^r 655 * ™ ^ copper, manganese, 

these metals which are esp efa^ manganese; most preferred ,s zinc. Salts of 

copper, manganese, iron, and cob 0 e saTt suc a si 'T^ 0 " inC ' Ude ,he Ch,0rides of zinc - 

in the process ' ' Ch 35 s ' jlfate s, acetates, or tartrates, also may be used 

;~i da r f u := r ™ r 

about 0.12 mmo.es Jabou 2 nm 0 ; s Te™™^^*^ ^ " S COnCentra,i - ran 9- from 
amour., of metal used in such reactSnscan be abooMP^ s °7 a,0,r °P- ^ 1 0 liter of solution. A typical 
in 1 3 liter of aqueous solution The amount of t r mm ° leS , of melal sM P er 0 025 mmoles somatotropin 
somntotropin can vary ho.ve er Ir the Z e VI P ? T 7 **" ,0 ^ 

found that a ratio o7abou M " mc Is oi , t " ^ , ^! :< T P ' e X ^ ,h,S aPP ' ICa,l ° n ' for '- tanc ^ was 
prec pitatetheST. Effective amount ^nVJXtt J , recombinant porcine ST was effective to 

skill in the art. UsuaSy an e«e^ 

somatotropin in the solutiS ^. ? prcSc^ I « ' ^ com P ,ete Palpitation of the 

at least about 1-8 moles mptal-'ono mlo ST nnTi! m " 5 metal salt complex generally contains 

bet,een 03 and 8 percent bytigm^nsi Sn met I " fe ^ T '[ odu «*«* ^ ""tains 

weight percent metal. ^re.era^y. the prodjet contains about 0 4 to about 7 

.Ja^u^ i" -ar neutral or basic solutions. The pH of 

^ o>_- u.i.ns ui s^mcatotrcpin will mcst 65 
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nreWab'y be at a pH of between about 7.4 and 9.0 for efficient recovery of the somatotropin. 
P Vanvus Huffers may be used in the aqueous solutions containing somatotropin. The buffers added to 
he'p mitain the somatotropin in solution a, a g.ven pH prior to the addition of the ran, on me a. sa .B, ^ 
containing anions that form insoluble salts w:th metal ,ons Zn Cu< Co _ Mn Fe or Fe ^^e 
used vi*h caution Useful buffers for the present 5 method include carbonate buffer (0.42 mM Na C. 3 0 - mM 
NaHCoS I adj^ted to a pH between 7.4 and 9.8) ; 50 mM Tns HCI at about pH 7.4; and 60 mM ethanolam.r-e at 

3b ?he addition of the transition metal salt to 10 dilute aqueous somatotropin-containing solution causes the 
precJ.^of a metal-somatctrop.n complex. The sc.utbn desirably is stirred whi.e the meta.-.bma.ctrop* 

"ATrthrs^IfofTh: g^JSEtSEL «o »e dilute aqueous somatotropin-contain.ng so,,ion 
and hi somatot opm has precipitated out as an insoluble somatotropin-metal salt complex the insoluble 
c mLesTn may be separated from the aqueous solutions and dried. The separation step may be ,n 
acw'Hance with conventional procedures, such as centnfugation or filtration, or a combination of both 
o otdur it precipitated material may be pelleted by centnfugation at room temperature or separated by 
So and th eS dned by a conventional method, such as removal of water at low temperatures under a 
JacuS lor lyophJzaiion. If the centrifuged or filtered somatotropin is to be dried at low temperatures under a 

^^^^ this invention has substantiate same amount 
of bioac S aT ■ Somatotropin prepared by lyoph.lizaticn or as natural somatotropin. Additionally, jnvjro 
e J s oerto med to simu ate in ,ivo administration of recombinant porcine somatotropin showed that 
soK m aintenance (in the presenle^fEDTA) was improved when the somatotropin was recovered using 
he method of this invention in comparison to the recovery procedure using conventional lyo P h,l,zat,on 
The oSow ng examples are merely illustrative of the present invention and should not be considered as 



EXAMPLE I 



^^^S^^S^atotropin (A7r P ST,. Internationa, Minerals and Chemia, 
Co'po attn lot number CFOO8-0BA.94 was reconstituted in de-ionized H 2 0 (dH 2 0) to a eventration of 10 
ma A7rpST pe ml The materia! was dialyzed against > 100 volumes of catenate buffer (0.42 mM Na 2 C0 3 
0 ^0 mS NaSc0 3 , adjusted to a P H of 7.4 w,th HCI) and a portion ^^^^^Z, 
naru of carbonate buffer pH 7 4. The two resultant solutions of A7rpoT (10.0 and 1.0 mg A/rpbi mij were 
•ed^SSl^ IMC lot number) to a final concentration of 0 02u Curie per ml to allow 
determin of ^percentage precipitation by measurement of the radioactivity in the supernatant fraction 

^Te'^n^irS^salts chosen for this precipitation experiment included zinc chloride, manganese 
chlorWe and ZZ chloride. 24 mM, 2.4 mM and 0.24 mM solutions of eachsalt w,re made. Trichloroacetic 
c d tlZ was i led as the positive precipitation control. The metal salts or trichloroacetic acd slut.ons £5 
m ) we e add o the aqueous solutions containing the a7r P ST (0.5 ml) somatotropin and the preap.tat.on 
See T was earned out for one hour at room temperature. The precipitated material was pe .eted by 
c 4,fuQat,on at 15 000 v g for 10 minutes at room temperature. Single 0.5 ml aliquots for supernatant we e 
emo effom dVpn^te tub's and counted in polypropylene tubes. The minimum number of counts was fou 
iTes over background. Pellet formation was judged visually and good corre atior .was shown between pe let 
siTe and the percent of ^l-A7r P ST pelleted. This indicated that the -s,. A7rpST behaved similarly to the 

"T^tl^usuatls .he results of the experiments. At 0.5 mg A7r P ST/ml and 5 mg A7rpST/ml, both zinc 
ch£Soe a c upr! chloride exhibited good precipitation properties at one or more reagent conce intra ion s 
Increasing the amount of metal salt resulting in equal or increasing A7r P ST prec, P ,tat,on, except ,n ,he case of 

cupric chloride. 
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Free lpi tat mg 

Aaent Concentration Temo, 



Pe rcent 125 Pelleted a 
5 mg/ ml 



Metals 



Zinc 



roST 



0.5 mg/ml 
roST 



Chlor ide 


1 2 


mM 


RT* 


76 
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0. 


.38 


77 
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.96 




1 . 


2 rr.M 


RT 


76 
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1 . 


.5 


74 
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0. 


56 




0 . 


1 2 mM 


RT 


55 
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0. 


.41 


61 
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21 


Manganese 
























Chlor ide 


1 2 


~,M 


RT 


27 
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.2 


21 
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1 


. 6 




1 . 


2 rv.M 


RT 


22 
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.3 1 


1 9 




2 


.4 




0 . 


1 2 mM 


RT 


3.7 


T 


0 


.64 


1 5 


+ 


2 


.0 



10 



15 



20 



Cupric 
Chlor ide 



Controls 



None 



Tr ichlc r o- 
acetic acid 



1 2 mM 
1 .2 mM 
0.12 mM 



10% solution 



RT 


23 


+ 


4.6 


1 7 


+ 


2.9 


RT 


64 


+ 


8.7 


44 


T 


6.7 


RT 


42 




0.11 


67 


4- 


0.12 


RT 


4.3 


+ 


0.89 


1 3 


+ 


1 .2 


°C 


7.2 


+ 


2 . 1 


18 


+ 


0.80 


RT 


98 


+ 


0.33 


96 


+ 


0.59 


•c 


98 




0.24 


97 


+ 


0.26 

















a Data represents means + std. dev., where n = 2. 
* RT = room temperature 
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:ample II 

Effect of Different Buffer and pH Conditions on the Precipitation of A7rpST 

~Turified lyophilized A7rpST (same lot number as in Example I) was reconstituted in dH 2 0 to a concentration 
of 10 mg ml and aliquots were dialyzed against one of the following buffers: (1) carbonate buffer, pH 7.4, (2) 40 
mM Tris HCI, pH 7.4, or (3) 60 mM ethanolamine, pH 9.8. The three samples were spiked with 125 l-A7rpST as in 
Example I. Each sample was diluted 1:1 with a solution of 24 mM ZnCl2 and the percentage precipitation of 
A7rpST was determined ?.s ; n Example I. Table II ilius^ates the results of the experiment. The data indicate that 
zinc is capable of efficient precipitation of A7rpST Trom a variety of buffers at different pH's. 
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Table II 

Percentage Precipitation cf 125 I-A7rpST from a 
Sol ation"co^pr ised of Equal Volumes of 10 mg per ml 
£7rDST and 2 4 mM ZnCl z in the Presence of (1) Carbonatf 
Buffer, oH 7.4, (2) 50 mM 7ns, pH 7.4, cr (3) 60 .mM 
Ethanolamine . 



10 


Buffer 


pH 


Percentage 1 25I-A 7r pST 
Pelleted (a) 


15 


carbonate 


7 . 4 


76+/- 0.33 




5 0 mM tris 


7.4 


8 1+/- 0.11 




60 mM ethanolamine 


9.3 


90+/- 0.52 



20 



a) 



Lta represent means +/0 Std . Dev., where n=2 
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A7rpS 
activit 
salts. 
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Solubility and Bioact ivity of Precipitated A7rpST 

'Hn^r^aTaTion^^oTthe precipitation experiment, 500 mg of A7rpST (same lot number as in Example I) was 
reconstituted in 50 ml of de-ionized water (dH 2 0) resulting in a pH of 10.3 from residual carbonate ions. The 
material was extensively dialyzed against carbonate buffer at about pH 7.4 until the pH of the diaiysate was 7.6. 
Volume gain was 5 ml during dialysis. The pH of the diaiysate was lowered to 7.4 with 3 mEq. HCI and the 
solution was clarified by a 1500 x g centrifugation at room temperature. 

Ten milliliter aliquots of the neutral A7rpST solution were combined with an equal volume of either 2.4 mM 
ZnCl 2 or 2.4 mM CuC1 2 . After one hour of stirring at room temperature, the suspensions were pelleted by a 30 
minute, 15,000 x g centrifugation. Each pellet was frozen at -80.C and lyophilized along wiih a shell frozen 
control sample composed of 20 ml of the neutral pH A7rpST solution diluted in 20 ml dH 2 0. 

The dry weight and the percentage protein purities (as measured by the BCA Protein Assay, Pierce 
Chemical Co.. Rockford, Illinois) of the lyophilized samples were determined to allow calculation of the 
efficiency of each precipitation method relative to the non-precipitated, lyophilized treatment. Table III shows 
the results of these determinations. 
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Dry 


We ight 


Relative 




Precipi tat ion 


Pe rcent age 


We ight 


A 7rpST 


Precipitation 




Method 


A 7rpST( w/w) 


( mg ) 


( mg ) 


Ef f iciency 


1 


ZnCl ? 
CuCl^ 

Lyopni 1 i zat ion 


1 1 5 
105 
1 1 8 


54.5 
48.0 
65.7 


62.7 
50.4 
77.5 


31 

65 
100 


i 



E 

F 

{ 
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To determine the effect of the metal salts on the bicactivity of A7rpST. a growth assay (determination of 
body weight cam) was performed using hypophysectomized rats. . See Pariow, S.F., et al. t Endocrino logy 
77:1125-1134*0955). The test was conducted to shew the bicactivity of the somatctrcpin by measuring the 
growth promoting activity in rats of a dosage of A7rpST recovered in accordance with the method of this 
mver.t'on. 

To conduct t^e test young (36 days c!d at the beginning cf the test period), female, hypophysectomized rats 
were divided rto croups of 10 rats The rats were grouped ty weight, the weight and distribution of the groups 
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was balanced such that the mean starling weight of each group was nearly equal. Each group of r*ts was 
assigned a treatment. 

The rats were injected subcutaneously for each of nine days with either a somatotropin or control solution 
The injections were made below the skull near the subscapular region. To solubiiize somatotropin the 
following Parlow's buffer solutions were used. 

I. NaHC0 3 (0.03M), NaCI (0.15M), pH raised to 10.8 with 8M NaOH 
II. NaHCOa (0.03M), NaCi (0.15M), pH raised to 9.5 with 8M NaOH. 

A known amount of the A7rpST (see Table III) was dissolved in pH 10.8 buffer, adjusted to pH 9 5 with 2N HCI 
and made to volume with pH 9.5 buffer. 

One group of 10 rats was used as a negative control and injected with the vehicle used in solubi'izing the 
somatotropin. A second group was injected with a solution of lyophilized A7rpST The other groups were 
injected with solutions of a selected dose of transition metal-precipitated A7rpST of this invention The rats 
were weighed on days 1 , 2, 9 and 1 0 and their body weights recorded. At the end of the test period May 1 0) the 
rat body weight gain data was analyzed. 

The growth assay with hypophysectomized rats (single 14 ug daily dose) indicated that ZnC1 2 -pr-cipitated 
A7rpST had significantly higher (P < 0.01 ) growth promoting activity than the negative control group and its 
activity was indistinguishable from that of the lyophilized A7rpST control that contained no transition metal 
salts. Similar results were observed for precipitation with cupric chloride. 
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TABLE 


IV 




Sample 


Dose 
bg) 


Percentage 
Mean 


Wt . Gain 
+ S.D. 


Neg. Control 


0 


4.0 


4 .2 


A7rpST ZnCl 2 pot 
A 7rpST CuCl 2 ppt 
AVrpST lyophilized 


24 
24 
24 


18.6* 
15.6* 
17.1* 


1 .7 
4.7 
2.4 



*Signif icantly higher (P < 0.01) from negative control 
using a One-sided Dunnett's test following an analysis 
of variance. 

40 
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P recipitation of A4 Recombinant Bo vine Somatotropin 

Purified lyophilized A4 recombinant bovine somatotropin (A4rbST), is reconstituted in deion^j H 2 0 
(dH 2 0) to a concentration of 10 mg A4rbST per ml. The material is dialyzed against > 100 volumes of carbonate 
buffer (as defined in Example I) and a portion of this material is diluted in nine parts of carbonate buffer pH 7 4 
The resultant solutions then are spiked with 1 ^l-A4rbST to a final concentration of 0.02u Curie per ml to allow 
determination of the percentage precipitation by measurement of the radioactivity in the supernatant fraction 
following centrifugation. $0 

The transition metal salts used include zinc chloride, manganese chloride and cupric chloride 24 mM 2 4 
mM and 0.24 mM solutions of each salt ai e made. Trichloroacetic ac-6 (20%) is u^ed as the positive 
precipitation control. The metal salts or trichloroacetic acid solutions (0.5 ml) are added to the aqueous 
solutions containing A4rbST (0.5 ml) and the precipitation step is carried out with stirring for one hour at room 
temperature. The precipitated material is pelleted by centrifugation at 15.000 x g for 10 minutes at room 
Temperature. Single 0.5 ml aliquots of supernatant are removed from duplicate tubes and counted in 
polypropylene tubes. The minimum number of counts is four times over background. Pellet formation is iudaed 
visually. The results of the experiments are similar to those in Example I. 

EXAMPLE V 60 

Solu bility and Bioactivity of Preci pitated A4rbST 

In preparation for the precip^nl^enmentfsOO mg of A4rbST P -pared as in Example 111 , s reconst.tutpd 
in DO ml of de-ionized water (dH 2 0). The material is extensively dialyzed against carbonate buffer. pH 7.4, until 
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the pH of the dialysate is 7.6. The P H of the dialysate is lowered to 7 4 with 3mEq. HCI and the solu'x n is 
clarified by a 1500 x g centnfugation at room temperature. 

Ten milliliter aliquots ot the neutral A4rbST solution are combined With an equal volume of eitner 2.4 ~M 
ZnC1-> or 2 4 mM CuC1 2 After one hour of stirring at room temperature, the suspensions are pelleted by a j0 
minute 1*000 > g centnfugation. Each pellet is frozen at -80 C and lyophilized along with a shell frozen 
c-ntrol c a rrc'= composed of 20 ml of the neutral pH A4rbST solution diluted c0~ o in aH 2 0. 

The dry weight and the percentage purities of the lyophilized samples are determined to allow calculation of 
the enV^ncy of each precipitation method relative to the non-precipitated, lyophilized treatment. 

To de'e-mre the pffect of the metal salts on the bioactivity of A4rbST, a grcwth assay is performed using 
hypophys-ctcm-.zed rats as in Example III. To conduct the test young (36 days old at the beginning of the test 
period) fem?ip hypnphysectorr.ized rats are divided into groups of 10 rats. The rats are grouped by we gnt, 
the weight and'distribution of the groups are balanced such that the mean starting weight of each group is 
nearly equal Each group of rats is assigned a treatment. 

The rats are injected subcutaneDUSly for each of nine days with either a somatotropin or contrc sot^on. 
The injections are made below the skull near the subscapular region. To solubihze somatotropin the following 
Parlow's buffer solutions are used. 

I. NaHC0 3 (0.03M), NaCI (0.15M), pH raised to 10.8 with 8M NaOH. 
II NaHC0 3 (0.03M), NaCI (0.15M), pH raised to 9.5 with 8M NaOH. 

A known amount of the A4rbST is dissolved in pH 10.8 buffer, adjusted to pH 9.5 with 2N HCI and maae to 

volume with pH 9.5 buffer. . 

On- q-oup of 10 -ats is used as a negative control and injected with the vehicle used in solubuzing .he 
somatotropin A second group is injected with a solution of lyophilized A4rbST The other groups are mooted 
with solutions of a selected dose of transition metal-precipitation A4rbST of this invention. The rats are 
weighed on days 1 , 2, 9 and 10 and their body weights recorded. At the end of the test period (day 10) the rat 
body weight gain data is analyzed. 

EXAM PLE VI 

Precipitation of Natural Bovine Somatotropin . 
~ PuTifieTly^phli'ed bovine somatotropin (bST), originally obtained from pituitaries, is reconstituted in 
dionizpd water (dH 2 0) to a concentration of 10 mg bST per ml. The material is dialyzed aga.nst > 100 volumes 
of carbonate buffer (as defined in Example I) and a portion of the dialyzed material is diluted in nine parts of 
carbonate buffer pH 7.4. The resultant solutions of bST then are spiked with ^1-bST to a final concentra tion 
of 0.02u Curie per ml to allow determination of the percentage precipitation by measurement of the 
radioactivity m the supernatant fraction following centrifugation. 

The transitbn metal salts used include zinc chloride, manganese chloride and cupric chloride. ^4 mM. IA 
mM and 0 2^ mM solutions of each salt are made. Trichloroacetic acid (20°/o) is used as the positive 
precipitation -cntrol The metal salts or trichloroacetic acid solutions are added to the aqueous solutions 
containing bST and the precipitation step is carried out with stirring for one hour at room temperature. The 
precipitated material is pelleted by 25 centnfugation at 1 5,000 x g for 10 minutes at room remperature. Single 
0 5 ml aliquots of supernatant are removed from duplicate tubes and counted in polypropylene tubes. I he 
minimum number o' counts is four times over background. Pellet formation is judged visually. The 30 results ot 
the e> pe r iments are similar to those in E<ample I. 

EXAMPLE VII 

Solubility and Bioactivity of P recipitated bST ,., , , in 

~n~p7e^t!C^MhTp7ed^itation experiment, 500 mg of bST prepared as -n Example VI is reconstituted in 
50 ml of de-ionized water (dH 2 0). The material is extensively dialyzed against carbonate buffer, pH 7.4, and the 
solution is clarified by a 1500 > g centrifugation at room temperature. 

Ten milliliter aliquots of the neutral bST solution is combined with an equal volume of either 2.4 mM ZnUz or 
2 4 mM CuC! 2 After one hour of stirring at room temperature, the suspensions are pelleted by a 30 minute 
15 000 > g centnfugation. Each pellet is frozen at -80 C and lyophilized a ong with a shell frozen control 
sample composed of 20 ml of the neutral pH bST solution diluted 50% in dH 2 0. 

The dry weight and the percentage purities of the lyophilized samples are determined to allow calculation ot 
the efficiency of each precipitation method relative to the non-precipitated, lyophilized treatment. 

To determine the effect of the metal salts on the bioactivity of bST. a grcwth assay is performed using 
hypoohysectcmized rats as in Example III. 

To' conduct the test, young (36 days old at the beginning of the test period), female, hypophysectomized 
rats are divided into groups of 10 rats. The rats are grouped by weight, the weight and distribution cMhe 
groups are balanced such that the mean starting weight of each group is nearly equal. Each group of ra t s is 

assiqned a treatment. . 

The rats are injected subcutaneously for each of nine days with either a somatotropin or control solution. 
The injections a^e made belcwthe skull near the subscapular region Tc solub.lize somatotropin the following 
Parlow's buffer solutions are used. 
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soma.o.rop.n. A second group « !"?^J£^^p«c^.<l 6ST of mis >™nli=n. Th s rais a,e 



body weight gain data is analyzed 
EXAMPLE VIII 



10 



Prec^a^n^Lil 3 ^ onomal'v obtained from pituitaries. is reconstituted in 

"^^^ The material is d.alyzed against > 100 volumes 75 

S^S^T^S. P^P^tion * .easurement of the 

r d oacLy in the supernatant fraction ^ tr ^ a ^ se chIoride and cupric chloride. 24 mM, 2.4 * 

The transition metal salts used ^ , s used as tne sltlve 

m M and 0.24 mM solutions o each sa t T ^ ^, utions are ad ded to the aqueous solutions 

precipitation control. The metal salts or trichlo oac-.t,c ac d s ^ ^ ^ ^ temperat The 

containing P ST and the precipitation step .s err ed ' . ^ minut9S a , r0 om remperature. Single 0.5 

precipitated material is pelleted by cerrtnfuga1.on at 10 g for 10 ^ po , ypropylene tubes T he 2. 

~ ;4:= s r^r«». ™ — , ^- - — ■ * 

the experiments are similar to those in Example 



EXAMPLE IX 
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SolubilitonlBioactivj^^ f ST ared as in Example VIII is reconstituted in 

"^^^^ Carb0n3te bU,fer ^ 7A " 

Ten milliliter aHquots of the neutral pST sol ution. « suspensions are pelleted by a 30 m.nute 

2 . 4 m M CuC, 2 . After one J™ ^ a,ong with a shell frozen control 

15,000 x g centrifugat.on. Each pellet s r °* e " d 500/o in d H 2 0. . 
sample composed of 20 ml of f n ««^ 

The dry weight and the percentage purities of the lycpn ci itated , , yop hilized treatment. 

^^Sn^^ S a — assay is performed using 

s^js s is ~* Each group of rats ,s 

assigned a treatment. jth ejther a somatotropin or control solution. 

T^SJS ^SS^r sT^ -e g ,o„. To so™,o„op,n «. ,*w,n g 

^^"^^COnS.Na'cMO^M,. pH raised , .10.. NaO„. 

somatotropin. A second group is .njec ed w t a s u 

the rat body weight gain data is analyzed. 

EXAMPLE X t nf Kq0 ma /i in 60 mM ethanolamine buffer, pH 9.0 

^Ft^e liters of purified A7r P ST at a concentrat.o of .90 ^ medium . The so! , jt ion was 

was obtained from E. co. HB101 which HF, equipped with one 26-ft3 

concentrated to about 810 mg/1 .n a cross-flo u a , t at °7 Qf ap oximately 5 ,000 daltons.The resulting 
membrane cartridge that had a nominal ^f c "^ S0 was d,af;ltered in the same UF un.t 

cencpntrated product solution in the ethano!am,ne tu„er pn 
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against 6 x volumes of 50% carbonate buffer (0.21 mM Na 2 C0 3 ; 0.25 mM NaHC0 3 ) at pH 8 0 to 10.0. The 
resulting product retentate, now in 50% carbonate buffer with pH above 8.0, turned slightly cloudy 
(OD595 = 0.01 ) and was clarified in a cross-flow microporous filtration unit, Amicon DC-10, equipped with one 
5-ft 2 membrane cartridge having 0.1 u.m membrane. 
5 The above c'arified solution, 26 liter at 800 mg/1 ST concentration and pH 9.0, was gently mixed and ad'. Jed 
with 3.7 liter of 0.2 u-filtered 2.4 mM Znd2 solution at a rate that the addition would he completed in a pe-iod 
of 5 to 30 minutes. The amount of Zn + 4- addition in this experiment resulted in Zn/ST mc'ar ratio of 
approximately 10. Before further recovery of the Zn-A7rpST precipitate, the solution v\as mixed for another 20 
minutes. 

10 The resulting ZnA7rpST suspension, now at 0.08% concentration with particle sizes 2-5 urn, wss 
concentrated to approximately 2-5% in a cross-flow microporous filtration unit with 0.1 u membrane cut-off. 

The resulting suspension was further concentrated to about 250,000 mg/1 by continuous bowl-type 
centrifugation. Alternatively, the resulting suspension can be directly spray-dned or can be further 
concentrated to about 100,000 mg/1 by either cross-flow microporous filtration or d'sc-stack centrifugation. 

15 The resulting paste was then spread to a thickness of about 2 cm and freeze-dried for two days with tne 
maximum product temperature limited to 25 C C. The freeze-dried material that generally had a particle size of 
10-200 urn and a bulk density of approximately 0.5 is suitable for direct formulation into a delivery system. 

EKAMPLE XI 

20 Example X was repeated e>cept that the 50% carbonate buffer was substituted by 2 mM Tris buffer at pH 
7.4. The final product characteristics and precipitation efficiency were similar between Tris and 50% carbonate 
buffer. 
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Claims 

1. A method of recovering somatotropin from dilute aqueous solution comprising adding to the 
aqueous solution a salt of a transition metal in a sufficient amount to form an insoluble complex with the 

30 somatotropin and separating the complex from the solution. 

2. The method of claim 1 wherein the somatotropin is a biologically active fragment of somatotropin. 

3. The method of claim 2 wherein the somatotropin is a recombinant biologically active fragment of 
somatotropin. 

4. The method of claim 3 wherein the somatotropin is porcine somatotropin. 

35 5. The method of claim 4, wherein the somatotropin is a biologically active fragment of porcine 

somatotropin in which the first seven amino-terminal amino acids of the mature protein have been 
deleted. 

6_ The method of claim 3 wherein the somatotropin is a recombinant biologically active fragment of 
bovine somatotropin, 

40 7. The method of claim 6, wherein the somatotropin is a biologically active fragment of bovine 

somatotropin in which the first four amino-termmal acids of the mature protein have been deleted 

8. The method of any of claims 1 to 7 wherein the metal comprises zinc, copper, manganese, iron or 
cobalt. 

9. The method of claim 8 wherein the meta! is zinc. 

45 10. The method of any of claims 1 to 9 wherein the transition metal salt comprises a chloride, sulphate, 

acetate, or tartrate of a transition metal. 

1 1. The method of claim 10 wherein the salt is zinc chloride. 

12. The method of any of claims 1 to 11 wherein the insoluble complex is separated from the aqueous 
solution by filtration or centrifugation and dried 

50 13. The method of any of claims 1 to 12 wherein the dilute aqueous solution is at a pH between about 6.8 

and about 9 8 and there is a mo'ar excess of the salt of the transition metal over the amount of 

somatotropin. 

14. The method of any of claims 1 to 13 wherein the concentration of transition metal salt is at least about 
0.12 mmcles per 0.025 mmoles of somatotropin in 1 .0 litre solution. 
55 15. The method of any of claims 1 to 14 wherein the resultant insoluble complex contains at least about 1 

to about 8 moles meta! per mole somatotropin. 

16. The method of any of claims 1 to 14 wherein the resultant insoluble comple< contains from about 0.3 
to about 8 percent by we ; ght transition metal. 

17. The method of any of claims 1 to 16 wherein the dilute aqueous solution contains a buffer comprising 
60 carbonate buffer, 50 mM Trts HCI, or 60 mM ethanolamine. 

18. Biologically active somatotropin in the form of a complex with a transition metal. 

19. A biologically active fragment of somatotropin in the form of a complex with a transition metal. 

20. The use of a comple< as claimed in claim 18 or claim 19 for the preparation of a growth enhancing 
pharmaceutical or veterinary composition. 
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@ Method for recovering somatotropins from dilute aqueous solution. 

(£?) A method for the' recovery of somatotropin, in particular a 
fragment of somatotropin, from dilute aqueous solutions 
comprising adding to the aqueous solution a salt of transition 
metal to form an insoluble complex with the s i n — totropm. 

The insoluble complex may be sefic. Med from \r-.e solution, 
by either centnfugation or filtration, and dried by conventional 
methods such as lyophihzation or removal of water at low 
temperatures under vacuum. The method results in the 
recovery of a dried bioactive somatotropin. 
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